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Prevention of type 1 diabetes has been
brought closer to reality through the
ability to identify populations at incre-
ased risk and through therapies that
can modify the disease course (1). Iden-
tification of those who are at risk is
based on the detection of diabetes-
related autoantibodies (Ab) that can be
found many years before clinical diag-
nosis. Those identified as being at
increased risk due to having a family
member who lives with type 1 diabetes
or who have an increased genetic risk
based on high-risk HLA have been fol-
lowed in a number of longitudinal coh-
ort studies (2–8) The preclinical phase
of type 1 diabetes is described as pro-
gression from genetic susceptibility and
immune activation to the development
of single and then multiple Ab, to early
abnormalities of glucose tolerance, and
finally to clinical diabetes (9). Those
who are found to have multiple Ab
almost inevitably progress to diabetes
(10). However, the time from detection
of multiple Ab to diagnosis varies
widely. To move the goal of the preven-
tion of type 1 diabetes from research
to clinical reality, refinements of strate-
gies to predict progression to diabetes
are needed. Anand et al. (11) and Boni-
facio et al. (12), in two articles in this
issue of Diabetes Care, help to define
characteristics of Ab development and
diabetes progression in >24,000 chil-
dren at risk.

The work by Anand et al. brings
together data from five cohorts with a
focus on the risk associated with the
age at autoantibody (Ab) development,
the number of Ab, and the HLA-DR-
DQ genotype. The >16,000 children in
these cohorts came from Germany,
Sweden, Finland, Washington state, and
Colorado and were tested for Ab before
the age of 2.5 years and then followed
at 3- to 36-month intervals, with >10
years of observation. Participants were
from the general population, enrolled
based on high-risk HLA haplotypes, or
children of parents with diabetes. HLA
genotyping was done differently in
each of the studies and changed over
time, so the authors developed a strat-
egy to harmonize the HLA data into risk
groups. For characterization of risk in a
manner that could be translated to a
screening program, risk was stratified
by the number of Ab found at the time
Ab were first detected rather than the
number that appeared over time as has
been done in previous analyses. HLA
risk group was a significant factor, with
7% developing multiple Ab and 16%
developing diabetes by age 15 years
among the group at highest risk versus
1% and 2.5% among the group at low-
est risk. The number of Ab found at the
time that they were first detected was
also significant with 45%, 85%, and 92%
of those with one, two, and three Ab
developing diabetes. In further anal-

yses, cumulative incidence of diabetes
in the group with a single Ab differed
by Ab status 2 years after the Ab was
first found, with 12% vs. 82% having
diabetes in those who had zero and
multiple Ab, respectively. Younger age
at development of multiple Ab (<2
vs. > 7.4 years old) was associated with
a 15 year cumulative diabetes risk
varying from 95% to 54%.

This report provides more robust esti-
mates of risk in children who develop
Ab, highlighting the particularly high risk
and rapid progression in those with
multiple Ab at an early age. An addi-
tional major finding is the high degree
of risk associated with a single Ab
appearing at a young age. Previous pub-
lications have noted lower risk in those
with a single Ab but included those who
move from single to multiple Ab in the
multiple Ab grouping. The findings fur-
ther support the concept that high-risk
HLA is a key factor in driving autoimmu-
nity but is less important in progression
from established autoimmunity (multi-
ple Ab) to diabetes.

Bonifacio et al. (12) also address a
question relevant to the translation of
screening for diabetes Ab to future clin-
ical use. Their work comes from The
Environmental Determinants of Diabe-
tes in the Young (TEDDY), a prospective
cohort study of >8,500 children
enrolled before the age of 4.5 months
(13). These children were enrolled on
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the basis of high-risk HLA, coming from
the general population and families
with individuals with type 1 diabetes. At
the time of analysis, they had been fol-
lowed for 9–15 years. Previous publica-
tions from the TEDDY study and other
birth cohorts with high-risk HLA have
shown that the peak incidence of anti-
bodies occurs in the first few years of
life and then diminishes. The authors
examined effects of genetics, demo-
graphics, and Ab patterns on the fall in
rates of development of Ab and identi-
fied optimal ages for Ab screening. The
risk of developing multiple Ab at 7.5
months was 4.3% but fell to 1.1% by age
6.25 years. HLA and other high-risk sus-
ceptibility genes affected the fall in 5-
year risk in very young children, but risk
converged by age 6 years. The fall in risk
varied in those with multiple Ab by the
pattern of Ab development, with the
most rapid decay in those who devel-
oped insulin Ab first. The authors
assessed sensitivity for developing diabe-
tes by age 12 years and positive predic-
tive value for 5-year risk of developing
diabetes to identify optimal age for Ab
screening. Peak sensitivity was at age 4
years, with one-third of cases identified
by screening between ages 3 and 5
years. Highest positive predictive value
was at age 1 year. Screening twice at age
2 and then at 5–6 or at age 3 and again
at 6–7 years gave a sensitivity of 50%.

The article highlights that very young
children with higher-risk HLA genetics
develop early autoimmunity, with a
diminishing risk in later childhood. In

this population, antibody testing done
between ages 3 and 5 years identified
>33% of those who developed Ab.
Screening twice increased the detection
of Ab to 50%.

Both articles have significant strengths
with large numbers of study participants
and rigorously conducted long-term fol-
low-up. They provide additional detail
about factors known to contribute to
autoimmunity and diabetes in those
with high genetic risk (Figure 1). Both
provide valuable insights into planning
parameters for potential screening pro-
grams and clinical trials for children at
high genetic risk. As the authors point
out, all of these studies largely include
Caucasian children at high genetic risk
coming from a limited number of regions
in the U.S., Finland, Germany, and Swe-
den, so there are limitations to the gen-
eralizability of the results. The translation
of these results to the general popula-
tion will require study of more ethnically
diverse populations from a broader
range of countries. If a general popula-
tion screening program targeted older
children rather than newborns, the risk
estimates may be different. The findings
focus on development of diabetes over a
maximum of 15 years from multiple Ab
development, with fewer participants
who developed Ab at a later age, as
median age of Ab development was 3–4
years, limiting the translation to older
teens and adults who may have later-
onset autoimmunity.

The findings of both groups of authors
refine our understanding of the course of

the presymptomatic phase of type 1 dia-
betes in children, highlighting factors
associated with rapid progression and
supporting the very high risk associated
with multiple Ab at younger ages. This
will aid in planning of clinical trials by vir-
tue of providing more exact estimates of
risk and rate of diabetes development
based on characteristics of trial partici-
pants. It also suggests that in public
health interventions and clinical trials
involving screening for Ab and follow-up
for development of additional Ab, stratifi-
cation of timing of testing could be done
based on age, HLA, and/or genetic risk
score to optimize detection of Ab before
diabetes develops to reduce costs. Future
work should define additional predictors
of time to progression to diabetes to pro-
vide a more precise estimate of the tim-
ing of development of diabetes. Creation
of an individualized risk calculator for
those with multiple Ab providing esti-
mates of future risk over defined time
intervals could be envisioned to assist
families in understanding of risk.
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Figure 1—Key features of type 1 diabetes development by age in children at high risk. Toddlers,
age 1–2 years; preschoolers, age 3–4 years; school age, age 6–7 years. Single Ab1, those posi-
tive for a single Ab; yr, year.
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